INTRODUCTION
O besity prevalence is increasing at a worrying rate; with significant influence on morbidity and mortality rate worldwide (1) . Excessive food intake and a sedentary lifestyle contribute to the accumulation of body fat and increase the risk of chronic diseases such as systemic arterial hypertension (SAH) and type 2 diabetes mellitus (DM2) (2) . Moreover, genetic factors are recognized as an important influence in increasing susceptibility to obesity and its associated comorbidities (3) .
A genetic factor of considerable interest is the variation of a gene (DNA sequence bases) between subjects, described as gene polymorphism (4) . In this context, some studies have related polymorphism of specifics genes that control appetite, energy metabolism, susceptibility to obesity (5) , and chronic diseases such as DM2 and SAH (6) .
It is recognized that obesity and its associated comorbidities have multifactorial causes. Therefore, it is important to analyze several genes and the interaction between them to better understand the obesity genesis and the contribution of genetic variability. Review studies indicate a large number of gene candidates that may be related to obesity and chronic diseases (7) (8) (9) .
Regarding the treatment of obesity, bariatric surgery is the most long-term effective method of inducing body weight loss and beneficial effects on metabolic disorders (10) . However, there is a significant variability in body weight loss and control of comorbidities between subjects undergoing bariatric surgery (11) . This suggests that some of these variable responses to bariatric surgery can be explained by genetic factors.
In this sense, investigating the relationship between uncoupling protein 3 (UCP3) gene polymorphism (rs1800849) and results after biliopancreatic diversion surgery (BDS), Luis and cols. (12) observed no significant association with the control of SAH and DM2 1 year postoperatively. However, another study from Luis and cols. (13) indicated that fat mass and obesityassociated (FTO, rs9939609) gene polymorphism were associated with greater body weight loss 3 months after BDS, but no difference was evident after 9 and 12 months postoperatively. In addition, Luis and cols. (13) observed an association between FTO gene polymorphism (rs9939609) with a decrease in the body mass index (BMI), and improvements of glycated hemoglobin (HbA1c) levels 6 months after mini gastric bypass laparoscopic surgery. Therefore, other studies are warranted to investigate a larger number of gene polymorphisms to expand the evidence regarding the effect of genetic variability as a determinant of SAH and DM2 on obesity and bariatric surgery response.
The main benefit of surgical treatment of obesity is the control of comorbidities. Therefore, the current study selected 12 gene polymorphisms related to obesity in order to assess an association with SAH and DM2 prevalence, and the possible influence on bariatric surgery results. There is some evidence that suggests effects on the prevalence of DM2 with polymorphisms of ghrelin (GHRL, rs26802), uncoupling protein 2 (UCP2, rs659366), uncoupling protein 3 (UCP3, rs1800849), FTO (rs9939609), leptin (LEP, rs7799039), leptin receptor (LEPR, rs1137101), and serotonin receptor (5-HT2C, rs3813929) genes.
Thus, the current study aimed to investigate the association of 12 gene polymorphisms on the prevalence of SAH and DM2 in the preoperative period and 1 year after Roux-en-Y gastric bypass (RYGB) surgery in obese women.
SUBJECTS AND METHODS
This is a prospective study with adult women undergoing RYGB surgery, performed by the same medical staff from June 2010 to May 2013. The subjects were evaluated in the preoperative period and 1 year postoperatively. Self-reported information regarding age, skin color, education, previous pregnancies, family history of obesity, and obesity at early age was recorded. Body weight, BMI, and the presence of SAH and DM2 were provided by medical records.
The eligible criteria for participation were: (a) being female; (b) aged between 20 and 50 years; In total, 441 women in a Brazilian cohort were eligible for study inclusion. However, subjects who did not attend 1 year postoperatively were not included in data analysis. This study included 351 subjects who completed the study. The number of subjects was determined using the data of the genotype with lower prevalence and a minimum 300 subjects was shown to be necessary. All subjects signed a free-andinformed consent form after being informed about the procedures involved in the research. This study was approved by the local Research Ethics Committee (protocol number: 3303/2009).
Body weight was measured using a digital balance (Fizola, SP, Brazil) with a capacity of 200 kg, precise to within 100 g. Height measurements were obtained using a stadiometer (Seca, SP, Brazil) precise to within 0.1 cm. The procedures followed the standard recommendations (14) . Excess weight (EW, in kg); weight loss (WL, in kg), and percentage of excess weight loss (%EWL), were calculated using the followings formulas (15): EW = body weight preoperatively -ideal body weight; WL = body weight preoperatively -current body weight; %EWL = percentage of body weight lost in relation to excess weight.
The SAH remission was considered when the subject stopped with anti-hypertensive medications and presented: systolic blood pressure < 140 mmHg and diastolic blood pressure < 90 mmHg (16) . The DM2 remission was considered when the subject stopped with anti-diabetic medications and presented: fasting glucose concentration < 126 mg/dL; postprandial glucose < 200 mg/dL after 75g oral glucose load, and hemogloblin A1c level < 6.5% (17) .
Genomic DNA was isolated from whole blood samples (EDTA-treated), using Illusta blood genomicPrep Kit (GE Healthcare ® , New York, USA). The analysis of gene polymorphisms GHRL (rs26802); GHRS (rs572169); LEP (rs7799039); LEPR (rs1137101); 5HT2C (rs3813929); UCP2 (rs659366); UCP2 (rs660339); UCP3 (rs1800849); SH2B1 (rs7498665); TAS1R2 (rs35874116); TAS1R2 (rs9701796); and FTO (rs9939609), was determined by real-time polymerase chain reaction (RT-PCR) and TaqMan assay (Applied Biosystems ® , Branchburg, New Jersey, USA). The RT-PCR was processed in ABI 7500 fast equipment (Applied Biosystems ® , Branchburg, NJ, USA) according to the manufacturer's instructions. A random selection of 10% of the samples was again genotyped to evaluate the reproducibility of genotyping.
The agreement of genotype frequencies with Hardy-Weinberg equilibrium expectations was tested by chi-square test. Multiple logistic regressions were performed to evaluate the effects of gene polymorphism (with adjustments for age, skin color, preoperative BMI, previous pregnancy, and age at onset of obesity) taking SAH and DM2 as dependent variables. When the genotype of lower frequency was < 10%, the genotype was combined with a heterozygous genotype. p < 0.05 was considered to be statistically significant.
RESULTS
The genotype distributions of gene polymorphisms (rs26802; rs572169; rs7799039; rs1137101; rs3813929; rs659366; rs660339; rs1800849; rs7498665; rs35874116; rs9701796; rs9939609) was within the expectations of the Hardy-Weinberg equilibrium (p > 0.05). Table 1 shows characterization of the study subject.
One year postoperatively, of 76 subjects with DM2, only 10 maintained the diagnosis of DM2, representing a control of 86.8%. Regarding SAH, 99.5% of subjects had control of this disease. The median of %EWL was 69.2%; of which 4.3% of the subjects had less than 50% of %EWL and 26.7% had DM2. One subject did not have control of SAH postoperatively and presented 58.7% of %EWL.
Because of a high proportion of control of these comorbidities postoperatively, logistic regression analysis was possible only with preoperative data. Among 12 gene polymorphisms analyzed, 5HT2C (rs3813929) and UCP3 (rs1800849) had influence on DM2 prevalence. In the 5HT2C gene, subject carriers of the T allele had a five times greater chance of DM2 compared to CC genotype. In UCP3 gene, CC genotype had three times greater chance of DM2 compared with T allele carriers (Table 2 ). However, there was no prevalence of 5-HT2C (rs3813929) and UCP3 (rs1800849) gene polymorphisms among diabetic subjects who obtained or did not obtain the control of DM2 postoperatively (Table 3) .
DISCUSSION
This study investigated the association of 12 gene polymorphisms related to obesity on the prevalence of SAH and DM2 during the preoperative period and 1 year after RYGB surgery in obese women. Our main finding indicated that 5-HT2C (rs3813929) and UCP3 (rs1800849) gene polymorphisms were associated with the prevalence of DM2 in obese women candidates for bariatric surgery. This knowledge might be important in identifying, according to genetic variability, subjects who are at higher risk of DM2, because it is not obesity per se that is the lethal factor, but it's associated chronic diseases. Thus, the analysis of 5-HT2C (rs3813929) and UCP3 (rs1800849) gene polymorphism may theoretically define individualized and preventive measures for DM2 in obese women on a waiting list for bariatric surgery.
Unlike the results of other studies (18) (19) (20) (21) (22) (23) , the current study did not find an association of GHRL (rs26802), UCP2 (rs659366), FTO (rs9939609), LEP (rs7799039), and LEPR (rs1137101) gene polymorphisms with DM2. These controversies, far from discouraging the study of the effects of gene polymorphisms, instigate a deepening of this knowledge, which takes into account the characteristics Regarding 5-HT2C gene polymorphism results, serotonin plays an important role in the nervous system, such as sleep regulation, body temperature, appetite and mood, among others (24) . Thus, low levels of serotonin or problems in the signaling with the receptor have been linked to an increased desire to eat sweets and carbohydrates (25) , which may explain in part the association of 5-HT2C gene polymorphism (rs3813929) with the prevalence of DM2 observed in our study.
Similarly, other studies reported that subjects carrying the T allele from 5-HT2C gene polymorphism (rs3813929) were associated with greater chances of DM2. Kring and cols. (26), investigating Caucasian young men, observed an association of T allele from 5-HT2C gene polymorphism with glucose and acute insulin response. On the other hand, Iordanidou and cols. (27) observed that T allele frequency was lower in diabetic subjects compared to nondiabetic subjects.
In the present study, the UCP3 gene was also associated with prevalence of DM2, specifically the polymorphism rs1800849. The UCP3 protein is involved in promoting fatty acid oxidation in skeletal muscle and it indirectly influences glucose metabolism (28) . In addition, UCP3 regulates the production of reactive oxygen species in the mitochondria (28), a factor that has established an association of this protein with DM2, because oxidative stress pathways play a key role in the development of this chronic disease (29) .
In this study, women carrying the CC genotype on UCP3 gene polymorphism (rs1800849) showed three times more chance of DM2 compared to allele T carriers. Corroborating our data, Meirhaeghe and cols. (30) showed that UCP3 gene polymorphism (rs1800849) was related to DM2 on a French cohort, and T allele carriers presented lower risk.
Regarding data 1 year postoperatively, the 12 gene polymorphisms investigated in our study showed no effect on the control/remission of SAH and DM2. Among the diabetic women in this study, 13% did not obtain the control of this chronic disease; thus, it is plausible to hypothesize that there are a possible genetic factors involved in the lack of this response postoperatively. On the other hand, considering that 1 year postoperatively is a relatively short time period, it is important to do a long-term investigation (> 2 years) to determine these responses.
Although the molecular and genetic comprehension of DM2 has advanced rapidly, much of the knowledge remains unknown. Adding to this, the number of bariatric surgeries has risen as an effective treatment option for obesity and its associated comorbidities. Thus, more studies are necessary to investigate the effects of surgical and non-surgical intervention for weight loss and remission of DM2, while larger numbers of subjects, a wider range of gene polymorphism, and analyzing a later postoperative time, could better elucidate these questions.
Genetic association studies are relevant to determine the risk of chronic diseases on a specific population and to improve the medical and nutritional treatment. These results enable an individualization of the treatment according to genetic variability. The current study investigates 12 obesity-related gene polymorphisms in obese women candidates for bariatric surgery.
In summary, subjects with T allele from 5-HT2C gene polymorphism (rs3813929) had five times greater chance of DM2, and the CC genotype from UCP3 gene polymorphism (rs1800849) had three times greater chance of DM2, in the preoperative period. Our results indicate that 5-HT2C and UCP3 gene polymorphism was related to prevalence of DM2 among Brazilian obese women candidates for bariatric surgery.
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